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对 Gsc 基因在文昌鱼不同发育时期胚胎的时空表达谱进行了分析，RT-qPCR 结









为进一步研究 Gsc 基因在文昌鱼中的功能，我们通过注射 Gsc mRNA 和转



















后胚胎轴中胚层发育相关基因 Brachyury、 背部标记基因 Chordin、腹部标记基
因 Wnt8 和 Bmp2/4 表达量均下降，表明 Gsc 作为转录抑制因子参与文昌鱼早期
胚胎中胚层分化和背腹轴的形成。此外，过表达 Gsc 基因后胚胎咽区发育相关基
因 Pax1/9 表达区域变大，后脑发育相关基因 Hox1 在神经管表达的前边界向后移
动，说明文昌鱼 Gsc 不仅参与体轴的发育，还影响很多发育相关基因的表达。 
为了从反方面验证 Gsc 在文昌鱼胚胎发育中的功能，我们还通过 siRNA 和
体外合成转录激活因子 Vp16-Gsc (HD) mRNA 降低文昌鱼 Gsc 活性，结果显示，
siRNA 能在 mRNA 水平上有效地降低 Gsc 基因表达量， 但分别注射 siRNA 和
Vp16-Gsc (HD) mRNA 均未能影响文昌鱼早期胚胎发育，同时胚胎体轴发育相关
基因表达量也没有明显变化，这可能是 siRNA 敲低程度不足以引起缺陷表型或





















Functional analysis of Gsc gene in amphioxus during early 
embryonic development 
Abstract 
Amphioxus is widely regarded as the best available proxy for ancestor of the 
vertebrates and now is believed to be a promising model for researches in functional 
evolution developmental of vertebrates. Transcriptional factor Gsc belongs to 
homeobox gene family, and Gsc expression is localized to organizer and prechordal 
plate in vertebrate. Studies in Xenopus indicated that ectopic expression of Gsc can 
induce secondary axes, and Gsc plays important roles in vertebrate brain development 
and formation of dorsal-ventral axis by inhibiting BMP and Wnt during eraly 
embryogenesis. Spatial expression of amphioxus Gsc shows that Gsc transcripts 
located at dorsal lip of the blastopore which is similar to the vertebrate signal center 
during gastrula, but whether it has the organizer function has not been testified. 
Besides, amphioxus lacks prechordal, which is helpful to inducing vertebrate brain 
development but has a notochord throughout the body. However the amphioxus brain 
is just expansion of anterior neural tube. Therefore, the study of Gsc gene function in 
amphioxus embryonic development will give a better insight into the origin of the 
organizer, dorsal-ventral patterning mechanisms and complication of brain in 
vertebrate. 
In this study, we first determined Gsc temporal and spatial expression pattern in 
the developing amphioxus embryos, RT-qPCR indicated that the expression of Gsc 
was initiated at the blastrula stage, and then increased rapidly, peaked at the 
mid-gasteula stage, with the embryos development, the expression level declined and 
finally kept at a low level in early-larva. WISH also confirmed the results of RT-qPCR, 
which expression signal was detected weakly in several cells of the blastula stage. At 
the mid-gatrula stage, the Gsc transcripts were found in the mesendoderm. At the 

















expression regions in axial mesoderm began to decline with the development of 
embryos. At the mid-neurula, there were almost no expression signals of axial 
mesoderm detected except for the posterior notochord mesoderm, at the same time the 
transcripts at the dorsal of pharyngeal endoderm, ventral sides of the neural tube and 
the lateral digestive tract were found. But the expression of the terminal notochord 
mesoderm last to mid-larva. 
In order to test the function of Gsc in amphioxus, we carried out gene 
over-expression by injecting Gsc mRNA or transcriptional repressor EN-Gsc(HD) 
mRNA into amphioxus unfertilized eggs. Until the early mid-neural stage, the injected 
embryos presented an unified deformities. The injected embryos had a obvious 
expansion of pharyngeal and their bodies were curl and short. Along with the 
development, quite a lot of the injected embryos died because they had no mouth and 
gill slits. Besides, the expression level of the axial mesoderm related gene brachyury, 
the dorsal marker gene chordin, the ventral marker gene Bmp2/4 and Wnt8 were 
reduced in Gsc over-expression embryos. Given this results, we concluded that 
amphioxus Gsc involved in mesoderm patterning and formation of dorsal-ventral axis 
in amphioxus during early embryonic development as a negative transcription factor. 
But the regulatory mechanisms were different from vertebrate. In addition, in Gsc 
over-expression embryos the expression areas of pharynx marker gene Pax1/9 was 
expanded, and the anterior expression boundary in the neural tube of Hox1 gene 
moves backwards, indicating that amphioxus Gsc also had influence on many 
developmental genes. 
We also injected siRNA or transcriptional activator Vp16-Gsc(HD) mRNA to 
knockdown Gsc expression. Although Gsc siRNA can indeed reduce Gsc expression 
at the mRNA level, however, neither siRNA nor Vp16-Gsc(HD) mRNA injection did 
affect on embryogenesis when compared with the control group. At the same time, the 
axial development related gene expression levels did not change in the embryos after 
siRNA or Vp16-Gsc(HD) mRNA injection. The possible reasons may be the siRNA is 


















In summary, this study implied amphioxus Gsc as a transcription factor involved 
in dorsal-ventral axis formation of early embryonic development, but there may be 
large differences in the regulation mechanism of dorsal-ventral axis formation 
between vertebrate. 
 



















































































































部边缘区，称作胚盾的组织[34, 35]；鸡胚中，原肠胚期位于原条前端的 Hensen's node
组织具有诱导体轴形成的能力[36]，因此这部分组织相当于鸡胚“组织者”。 
2 组织者基因的发现 
Spemann 和 Mangold 发现“组织者”之后，科学家们对“组织者”的分子基础一
直不是很清楚。直到 1991 年，Cho 等从爪蟾背唇 Homeobox 基因文库中发现了
具有类似果蝇 Goosebery、Bicoid 基因 DNA 结合域的转录因子，将其命名为
Goosecoid（Gsc），进一步研究发现 Gsc 转录本存在于“组织者”区域，4 细胞时期
注射 Gsc mRNA 到爪蟾两个腹部的分裂球，可诱导第二体轴的形成[37]。Gsc 基
因在组织者处的发现，开启了人们对爪蟾组织者基因的研究热潮，随后有更多的
组织者基因被克隆，包括转录因子 Xlim1、Xfkh1/Hnf3β[38]，分泌蛋白因子 Noggin、
Follistatin[39, 40]，TGFβ 家族拮抗分子 Chordin[41]以及 Wnt 家族拮抗分子 Cerberus、
Dkk、Frzb 等[42-45]。在对这些基因的研究过程中，科学家们发现表达在腹部的因
子在背部组织者区域总有对应的抑制分子，如 Bmp4、Bmp7 与背部 Admp 对应，
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